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MIULING METHODS AND COSTS AT THE SPRING HILL CONCENTRATOR 
OF THE MONTANA MINES CORPORATION, HELENA, MONT.1 


By L. A. Grant? 
INTRODUCTION 


This paper describing the concentrator practice of the Montana Mines 
orporation at Helena, Mont., is one of a series of articles on milling methods 
‘ad costs being prepared by the United States Bureau of Mines. 


The Spring Hill mine and mill are located 4 miles south and west of 
Helena, Mont., near the head of Grizzly Gulch. ‘The mine portal is on the east 
slove of the gulch, and the mill-is directly opposite on the west slope. 
Grizzly Gulch is one of the two gulches which unite at the south end of Helena 
to form Last Chance Gulch, on which the main street of Helena is built. - 


iad HISTORY OF CONCENTRATOR 


The mill was wailt asa ayenias silent late in 1927, and it operated 
a8 such from February, 1928, until March, 1929. The ore did not respond to 
cyanide treatment,, due to fouling: of: the solutions by antimony and arsenic, 
rith a resultant loss of gold. In-April, 1929, the mill was converted into a 
Straight flotation trpatment plant. Operation was resumed on May 1, 1929, and 
from that date Spring Hill ore has been concentrated by bulk flotation methods. 


MINING METHODS AND DESCRIPTION OF ORE TREATED 


The ore is broken in a quarry or glory hole and in a shrinkage stope 
{n the mine, passed through chutes and ore passages to the main haulage level 
below, trammed in 2-ton capacity cars, and dumped directly into the coarse ore 
as of the crushing plant. All of the ore delivered to the crusher bin is very 
Y. nig: 


The ore bodies occur disseminated esas dlorite rock along a 
diorite-limestone contact. The diorite, the princival gangue mineral, is very 
hard and tough, causing difficulties in both mining.and crushing operations. 

"t breaks into large irregular slabs, and these are. broken further in the mine, 
vst enough to permit loading of the ore into the 2-ton capacity cars. 


1- The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6411." 

€- One of the consulting engineers, U. §. Bureau of Mines, and Mill superin— 
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The valuable metal content of Spring Hill ore is gold. Most of the 
gold is associated with pyrite, arsenopyrite, and bismuth, but an average of 
from 10 to 15 ver cent of it. oe din the native condition and usually very 
finely divided. 

Pyrrhotite, the most importent aa in the ore as to volume, 
is barren of values and is a source of difficulty in the concentrating process, 
since it floats with the gold-bearing sulphides and dilutes the concentrates. 


POWER SUPPLY 


The eivena ‘Senet Co. ree all ee power used at the mine and 
mill at 10,000 volts. This voltage is stepped down to 2, 200 or 400 volts at 
the transformer gtation, as all motors are either 2,200-volt or 400-volt, 
3-phase, 60-cycle. 


The iontana Power Co. delivers power.for $0.0055 per kilowatt hour. 
The actyal, cost. of power, howéver, td- the Spring Hill Beopertys: te. ‘$0. oe per 
kilowatt - hour, and. this eseUre. is. used in all calculations. 


PRESEND METHOD OF rege ea a ae : 


a Te: Few: ee of esate is not, Sounl icetads. constat ing princt- | 
pally of crushing, a floating,” and ew 


~~ 


Cnrushing | 

Figure 1 shows a plan of the erushine plant. The equipment of this 
plent consists of one 24 by 36 inch Traylor jaw crusher belted directly to a 
75-horsepower slip-ring motor waich ‘drives’ it ata speed of: 198 revolutions — 
per minute; one 14 by 138 uinch jaw crusher bel ted directly. to a '75-horsepower 
straight, induction motor: which: ‘drives’ it ata Bpeed of 260 revolutions per 
minute; and one 3-foot Symons fine’ cone crusher,. belted: Airectly to a 60- 
horsepower Btreient. induction motor which drives it at a speed of 530 revo- 
lutions per: minute.: The tramming and the crushing of ore are done in two 
8-hour shifts, the epuenere eRe at ne. epeut 12. hours: per day. 

The 24 by 36 inch crusher takes the ore,as it-.is delivered to the 
ore bin. from the mine, the ore being fed through. chute. gates. . The grizzly, 
usually installed ‘between the ore bin ‘and the crusher ,- was omitted partly ‘to 
restrict the crusher discharge and’ partly ‘to enablle larce slabs to enter the 
crusher more readily. . ‘The crusher is set at 5 inches and delivers crushed - 
product at the rate of 20 tons per hour directly onto an 18-inch cross con- 
veyor belt. This conveyor belt carries the ore. under a suspended magnet for 
the removal of drill bits and smail pieces of tram iron, and-it then con- _ 
tinues on for 55 fest, where it dums_ thé ore onto .a self-cleaning: ‘bar grizzly. 
This grizzly .is 3-1/2 feet long with l-inch openings at the feed end and — 

1 1/2-inch openings at the discharge end. | Tie, construction of. the grizzly is 
shown in Figure 1. : 


' The--oversize product of the grizcly falls into the mouth of a4 by 
18 inch. .jaw erusher ‘set at 1 1/2 inches. _ The crushed product is delivered 
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to an 18-inch cross conveyor belt which also receives the undersize of the 
griszly, amounti he to approximately 20 per cent of ‘thé grizzly feed. This - 
conveyor belt carries the ore up’ an’ incline of 11° ‘for a distance of 105 feet 
and dumps it ona 4 by 5 foot Leahy vibrating screen eautppes with © dia ll 
screen cloth having nine-sixteenths by 1 inch openings. -- ‘. 


The oversize product of this screen falls atrectly into ‘the niga 
of a 3-foot Symons fine cone crusher, set at one-half inch: ' The cone crusher 
delivers the crushed product, containing material 6.7 per cent coarser. than — 
the Leahy screen openings, to a 16-inch belt conveyor which also receives the 
undersize of the Leahy screen, amounting to about 30 per cent of the screen 
feed. This conveyor delivers the crushing plant product to the concentrator 
storage bin. The 16-inch conveyor belt: is 780 feet long and in two sections, 
the first of which is 350 feet pone and the second oe feet long. 


All of the crushers. are equipped with manganese atsel liners. 
Figures on the life of the liners and the cost of liners per ton of ore 
crushed in the jaw crushers are not yet available, as the initial liner in-. 
stallatiors are still in service. The liners of the cone crusher are replaced 
about every nine months. The cost of these liners amounts to $0.0066 per ton 
of ore crushed. 


e @ «te ¢ 


and conveying are given in rable 1. See | Bites 


- Table 1 cru coste 
Per ton of ore crushed . 


Power sie eile a: Rtgs wie teahe woe aie ences $. 0. 049 


‘Labor eeRBEOCT ECHR SECC HORE HAO OYH : .Q63 

Supplies and repairs ecersece 01103") - 

TOCA 6 4.saneiuwee eee ser eese $ 0.222 
Concentrator 


Figure .2 gives a flow sheet of ore treatment in the concentrator 
8nd Figure 3 shows a — prererrcn of the concentrator ee 


Gri nding 


The concentrator etenace bin has a sepaetey of 200 tons of ore. 
From the bottom of this bin the ore is delivercd to two 7-foot by 36-inch | 
dardinge conical ball mills by 16-inch belt conveyors. Each ball mill is 
telted directly to a motor and each operates at a speed of 23 revolutions | 
per minute, One ball mill is driven by a sliP-ring 125-horsepower motor 
tnd starts without a clutch; the other has a straight induction 150-horse- 
Dower motor and is started with a clutch. Each ball mill grinds at the rate 
of 4.2 tons of new ore per hour. The ground products, consisting of five 
partes of circulating load and one Bert of new feed ane Spears 50 to 60 
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per cent of solids, discharge .tnte one elevator, which.in.turn. discharges the _ 
products into-a distributing ‘box. feeding two. overhead.4.hy 14 Lorr classifiers. — 
The sand products of the classifiers go to a: distributing box which feeds , 

either or both ball milis::. The. Svenine a of . the qlegsifiers go direct- 
ly to the flotation cells..° .:: - Bee - 


White cast iron, 4-inch bells are ysed, weighing approximately 8 
pounds each, and they are cast at. local foundry for, $55 a ton. f.o.t. Helena. 
The consumption of these balIs. amounts:to 4.30 pounds per ton: of new ore 
ground. The ball-mill . liners: aru: made.of white cast iron, - but. ‘figures on. 
the consumption of liner material are not yet eens * Table 2 gives screen 
analyses of ‘ball-mill ene eee products. :. 4 | 


Table 2.~-Screen sigee “of be pal I-mill and Sigceteies profucts 


ere ... Ball mills Classifjers . 
Screen Slee | 40° . Sand,, |. Overflow, 
ner cent _ per .cent 
On’ 9/2¢ by 1 inch’ neat 
On Teo. aere woes one 
On. Beh 4acewes —— 
On 20 r:28h seeeee ~—a— 
“On 80 tiash weesee 3.85 
On 100 wosh eevsce 7.69 
On 150 mish eeooe 11.67 
On 200 mesh eeoone 17.40 
Through 200 mesh | - ; 59.357 
WA sicovasténi 99.98 


1/ Minus 100-mesh size. . 


The flotation feed as it overflows. the Dorr classifiers contains 23 
per cent of solids, by weight, and is diluted in the flotation cells to approx— 
imately 19 per cent solids by the addition of fresh water. The flotation feed 
flows by gravity to a splitting box from which:two Minerals Separation flota- 
tion machines are fed, two-thirds of the material going to a 10-cell 24-inch 
machine and one-third to a'1l2=céll 18-inch machine. In each machine the feed 
. enters the bottom of' No. 3 cell which is the No.-1 rougher. cell, and each 
rougher cell overflows a froth which flows to No. 1 cell of the machine (see 
fig. 2). The No. 1 and No. 2 cells of each' machine are cleaner cells, and 
their tailings are returned to the rougher cells. The cleaner cell froths are 
finished concentrates, which go'to.an elevator and are lifted to a thickening 
tank, the underflow of the thickerier feeding a 4-foot, 2-disk American filter, 
and the overflow of the thickener being returned to the flotation cells. Each 
machine makes a tailings product which is pumed to a 35 by 10 foot Dorr 
thickener, and as much water as is needed is reclaimed, the underflow from the 
thickener going to the path inee dame poy 


The ratio of eeneentes cise eriained amounts to 1 ton of séfeenteates 
to le tons of mill feed. An average. analysis of the concentrates follows: | 
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Figure 4.- Flotation-reagent feeders 
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Figure 5.- Samplers 
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sndlysis of concentretes 


Ounces per ton ae 
r Antimony 
0.05 «+» OF 


Tne flotation reagents are introduced nto the cee mills’ by the 
feeders sh’ .m in Figure 4. The kincs and amounts of reagents used per ton of 
ore treated are as follows 


_ - _Pounds_ 
“No. 5 pine O11] «ecccusereoee. coe Q.075 
Potassium ethyl xanthats ....... ~199 


Aerofloat ree eens oe eae eoveeuue L103 


Cooper ere ‘ds added, dissolved in circuit es at the rete of 0:088- 
pounds per ton of ore ground. The copper sulph mate anvarently does not aid much 
in the recovery of gold; however, it maices clezner and more granular concen. 
trates with an insoluble content 1.5 to 2.0 per cent lower and gives a much 
better control of froth in the flotation cells. | 

| Two No. 1/4 Roots blowers furnich. air to the flotation eels. at the 
rate of 750 cubic feet of free oir ver ton of ore ' treated, at 1.5 pawn? 
pressure. 


The concentrates are dewatered, as previously mentioned, Ey a 4- foot 
2-disk American. filter equipped with palma twril canvas coverings. The filter 
operates 24 hours per day on a pulp containing apnroximately 40 percent of. 
solids, the pulp consistency being maintained by a l-inch Dorrco diaphram ‘pump 
between the settling tank and the filiter. The filter dewaters concentrates to 
9.5 per cent moisture content at the rete of 3.3 pounds » of concentrates per — 
square foot of filter area per revolution, The vacuum maintained: amounts. to 
between 22 and 23 inches of mercury end the air pressure: for blowing the cake 
from the canvas is. maintained at 1.5 pounds. When: squeezed by hand, the" filter 
cake has a gritty feeling end crumbles readily. 


Table 3 gives a screen-assay anelysis of the boaeenteates gates: and 
Table 4 a screen-assay analysis of the concentrator tailings. These tables 
give the assavs of vold and iron and the’ percenteges of the total gold and iron 
for each screen size. . 


“Table 3.--S63 -eetimas say analy is' of sencsneeator i heads 
= ep ts OF once 


er cent of total meta? 


Sereen size, Ars8z3_ 


92.98 


_,_ mssh de ovace | per per_ton,Iron, rar core) cold 
On 8 ..ceee ~ 0.250 : 5.99 be2d 
On 100 wee 2217 | | . 4.60 4.53 4.36 
On 150 ..... «207 5.20 6.35 7.46 
On 200 ...4. 0275 6.75 — 16.19 17.99 
Through 200.. 0385 7.80 - 69.68 67.21 
=) 


Composite ... .  4a29 6.92 
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Table 4.--Screen-assay analysis of concentrator tailings 


Screen size,| Peight, | Assays Per cent of total metal 
mesh er cent Gold, ounce per _ton|Iron, per cent Gold Iron 


On 80 ...... 3.90 0.103 3.26 8.25 3.30 
On 100 .....- 070 — 3.00 13.14 7.11 
On 150 .....| 13.33 "060 - $3.26 15.09 13.52 
On 200 .....| 15.97 .045 3.40 16.03 14.93 
Through 200. : 038 3.83 47.23 61.14 


Composite... .047 3.59 99.74 100.00 


Dispoeal of Tailings 


The tailings are conveyed in.a launder for a distance of 500 feet from 
the concentrator and impounded in a small ravine. Figure 6 shows a sketch of 
the tailings dam, including the distributing and decanting launders. The im- 
pounding cams are started by laying two rows of logs, tied together by cross 
logs, across the bottom of the ravine and building the log structure w to a 
height of three or four logs. The distributing launder is then built across 
the ravine, above the inner row of logs, the launder bottom having l-inch holes 
bored on 2-foot centers. S7rall mounds of sand form where the water and sand 
drop through the l~inch holes. The sand is then shoveled against the outer row 
of logs, and in this manner a sand and log face is maintained higher than the 
general level of the pond. When the sand level reaches the top of the two rows 
of starting logs only the outer row of logs is carried higher as the sand pile 
builds. The logs of this outer row are tied into the sand pile by means of 
cross poles, small trees with the top branches left on, spikod to the log row 
and extending for a distance of about 20 feet into the dam. 


A decanting launder is carried from the face of the dam up the bottom 
of the ravine. Floating of the launder is prevented by spiking it to long 
stakes driven into the ground and piling large rocks on the covered part. The 
launder is covered with cross planks as fast as needed for the decantation of 
clear water. The maximm amount of sand and slime going to the pond every 24 
hours amounts to 195 tons. The tailings puly contains 45 per cent of solids, 
all of which will pass through a 65-mesh screen. 


SAMPLING 


The heads sampler is set to cut the stream of flotation feed just 
after leaving the Dorr classifiers, ani the tailings samoler is set to cut the 
stream just before going out of the mill building. The samplers are water- 
overbalancing.cutters, as illustrated in Figure 5. When clean water is avail- 


able this type of samoler is very positive and can be made in the mill very 
cheaply. Tne concentrates are sampled by hand just before entering the filters. 


WATER SUPPLY 


Water for concentrator operations is obtained from a small stream 
running in the gulch and is pumved from this creek to a storage tank above the 
concentrator by a 5 by 8 inch Gould trinvlex pump. From August until April of 
each year the creek does not have sufficient water for milling operations and 
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during this period avproximately 20 per cent of the water used is reclaimed 
from concentrator tailings water. The water does not contain impurities detri- 
mental to milling operations. The total new water consumption per ton of ore 
treated averazes 104 gallons. The only costs charged against water supply are 
power and the few necessary repairs and replacements. The power cost is about 
$0.01 per ton of ore concentrated, and the repair cost is about an equal amount. 


PLANT RECOVERY AND METALLURGICAL DATA 


The concentrator recovery of gold ranges from 80 to 87 per cent. The 
assay-screen analysis of concentrator tailings as shown in Table 4 indicates 
that finer grinding would vield higher recoveries of gold. Laboratory flota- 
tion tests on finer ground feed did not, however, improve the recovery suffic- 
iently to warrant the increased expense of finer grinding in the mill circuit. 


Table 5 gives metallurgical data averaged for the alas ae di 1929, 
to March 31, 1930. 


Table 5.--Metallurgical data for period July 1, 1929 to March 31, 1950 


Heads assay @eeeeoee4@aeeeovoeveeveeesesgseevsegeesetpeeoeseaseveseveeeeeseerteeseoesnenovnegnesrvnest eee © O08 6 $ 6.46 
Tailings assay @esaoaeeevseunaseeepeseouavesweaeeneeeoaeoeoeevwveevseveevneeaesvpeneceeeeeweeoeeeseeesvweeeneene 8 O68 @ $¢ 1.22 
Total. ore: Concentrated: CONS 6 e666 eww ce ewe bs 668 Sow 0 RWW BwOE es wetee’s 40,930 


DAYS OPeCTAtEd weccccccccevenssceccseevssreeveeeveressreereessesrsesecs 270 
Operating time per day, Nour ..ccceccvergscccvvvasrseevcceevsepesesecs 24 
Operating time, per CONt wceccccccccersonecvevacvevesesssserereresvree 98 
Average ore concentrated per 24 hours, tOnS wcoceressscccevsncvccsaseve 153 
Recovery of Zold, per Cent cccoceseccscccccvccccecessesecesccourseees 82 
Concentration ratio weccccccccerevccccccvccccvnsecscsesesccscveseseses te to 1 
New water consumtion per ton or ore concentrated, gallons ...ccoceees 104 
Ball consumption per ton of ore concentrated, pounds ...scerccrecsevos 1.30 
Reagent consumption vounds per ton of ore concentrated: 

Pine Oil. 2isi5-6 iis oes crs ware Oasis esas SSS Be See Bw OR a Se ees 0.075 


Potassium ethyl xanthate ..ccccccccrccecccrevessvcvesecevese 0.109 
Aerofloat BS a aa has aha teh ee ogi lal te otpucgh “gga us 1g Glas a) aatvebe (6 al-O he stele NO OE Saree Went 0.103 


SUMMARY OF COSTS 
Table 6 gives a summary of concentrator and crushing plant costs aver- 
aged for the period July 1, 1929, to March $1, 1930, and Table 7 gives concen- 
trator and crushing-plant costs segregated and averaged for the same period. 
Four men are emoloyed in the crushing plant as operators and six men 


in the concentrator as operators. The other emoloyees are one mechanic, one 
electrician, one carpenter, and one man on the tailings dam. 
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ps ‘Table 6. a 23 eoncenieeet and Srushing-plent. costs 


\ . a tpn AE LL PAE I TE EE EE LES AS LELESEAEEES CSSEIY LEED BED PIII O SLD 


Period covered: auly. 1, 1929, to ase 3l, 1930. ore concentrated, tons: 40, 930 
| ae : Gold pees ounces: 10,723.6 


Crushing and conveying.. |. 
Grinding ..seesesessues 
Flotation ..... cue a 
_.Disvosal of tailings ea 
Water wae eee ee ee ee 
Repairs Fasnrlesenosasen 


Total ..sscssecesessees 0-420 0,006 ~~, B11.—Ss«(0 063 0,207 1.007 


cape ETD 


; be ote 
iB $ PoS 4. ; 


Table 7-—-Goneentrator and éuahine-olant costs sogzerated for 
PE Snes ~Benieg see 1,. 1923 to amar Shue 19380. 


De D 


| Per cent 
of 
total cost 
Crushing and conveying. 22.0 
Concen eed 278 .Q 
* 100.0 


" 5 8 w~ 8 6 es wo gp eg 


i ek (oc rr rr 


8650 ai Oe 


Google 


/ [ 


S| | | ef 
eit 1 lim el oe eT bee 
PAI aT Ba A SES SSS OSES TE) ORE SE Te 0 CRE 2 ae Ee ee 


| 
TST 


A , 


, 
t 


Dislributing Lounder 


Wee 


PLAN 


Decanting Launder 


SECTION ALONG A-8B 
Soecaniing La 


\ 


mm 
Uh 


re 
tat 


Original fi 
T 


Figure 6.- Tailings dam 
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